Congenital absence of the internal carotid artery (ICA) is an extremely rare vascular anomaly. Aplasia and displacement of the horizontal portion of the petrous carotid artery have been described in a patient with mandibulofacial dysostosis. To the best of our knowledge, the association between Goldenhar syndrome and ipsilateral ICA agenesis has emerged only in one case documented in the medical literature to date. We describe here a case that illustrates the association of Goldenhar syndrome with contralateral agenesis of the ICA incidentally detected on brain magnetic resonance imaging and subsequently confirmed on magnetic resonance angiography and high resolution computed tomography.
Introduction
Branchial arch disorders comprise a heterogeneous group of developmental anomalies primarily including Goldenhar syndrome 1 . This rare condition, whose incidence varies from 1:5,600 to 1>20,000 live births, occurs more frequently in males than females (ratio 3:2) and was first defined in 1952 by Goldenhar as the association of epibulbar choristomas, preauricular skin appendages, pretragal blind-ending fistulae and mandibular facial dysostosis. The majority of cases are sporadic although familial cases with autosomal dominant inheritance and variable expressivity have also been documented. Concurrent vertebral and auricular anomalies were subsequently added to define the more comprehensive term oculo-auricularvertebral (OAV) spectrum.
The most common malformations described in patients with Goldenhar syndrome include unilateral underdevelopment of one ear associated with ipsilateral underdevelopment of the jaw, cheek and muscles resulting in facial asymmetry; vertebral anomalies and epibulbar dermoids may also be associated. Ear deformities range from preauricular tags of cartilagi-nous masses to anomalies in size and shape of the external auricle, atresia of the external auditory canal and even anotia. Unilateral deafness is extremely common.
The origin of the OAV spectrum is still unclear although several theories have been proposed.
Recently, the hypothesis of a vascular insult occurring in the fourth gestational week during the period of blastogenesis has emerged. According to this pathogenetic mechanism, the OAV spectrum may be related to reduced blood flow and focal haemorrhage in the developing region of the first and second branchial arches 2 . These structures are formed by neuroectodermal and mesodermal cells which are not only responsible for normal development of the external and inner ear, but also represent a fundamental guide for the formation of embryonic brachiocephalic vessels 3 .
Consequently the association of carotid vessel anomalies and Goldenhar syndrome may confirm the above hypothesis and therefore suggest that an early lack of blood flow in the region of the I and II branchial arches may influence the appearance of oculo-auricular-vertebral anomalies 3 . Figure 1 Coronal fast-spin-echo T2-weighted image (TR=5000 ms, TE=100 ms, slice thickness 3 mm). Note the complete absence of the cervical internal carotid artery flow void on the right side (black arrow).
Figure 2
MRA of brachiocephalic and intracranial arteries (TR=4.62 ms, TE=1.70 ms), maximum intensity projection (MIP) (A) and 3D-volume rendering (VR) reconstructions (B-F). Agenesis of the right internal carotid artery is confirmed. 
Case Report
A seven-year-old girl born uneventfully from non-consanguineous parents was diagnosed with Goldenhar syndrome. At physical examination the patient presented left hypoplasia of the cheekbone and jaw, cleft palate and lip, hypoexpansion of the eye socket and microphthalmia, atresia of the auricle and an anomalous course of the external auditory canal. The patient was referred to our Maxillofacial Surgery Division for treatment of severe left mandibular condyle hypoplasia. A pre-operative MRI study was performed on a 1.5 T system (Philips Achieva, Best, The Netherlands) to assess precisely the anatomy of the temporomandibular joint structures and demonstrate reliably any abnormality involving the condylar head and articular disk. Incidentally, coronal T2-weighted images included in our study to evaluate brain parenchyma disclosed a complete absence of the right internal carotid artery (ICA) flow void (Figure 1 ). For this reason we additionally performed magnetic resonance angiography (MRA) which documented a complete absence of the right ICA as well as abnormalities of the aortic arch, left carotid trunk and vertebral arteries. Intracranially, MRA demonstrated a vessel -most probably a hypertrophied posterior communicating artery -connecting the apex of the basilar trunk with the right anterior and middle cerebral arteries, thus creating a collateral carotid-vertebrobasilar system anastomosis ( Figure 2 ).
High resolution computed tomography (Somatom Sensation 64 slice Siemens, Forchheim, Germany; kv=120, mAs=43, slice thickness 0.6 mm; care dose) of the skull base subsequently confirmed the absence of the right carotid canal ( Figure 3 ).
Discussion
ICA agenesis, aplasia and hypoplasia are extremely rare, occurring approximately in less than 0.01% of the population 4 . These findings are frequently documented together with abnormalities of the skull base and vascular anomalies compensating the affected carotid territory through transcranial anastomosis from the external carotid artery, normal anastomotic pathways of the circle of Willis or via persistent carotidvertebrobasilar vessels (such as the trigeminal artery) according to Lie's classification 4, 5 .
ICA aplasia and agenesis are also related to a higher incidence of intracranial aneurysms 6 . Moreover, in the setting of ICA agenesis, Fitzgerald et al. reported a robust association with aortic and cardiac malformations including coarctation, hypoplastic left heart, tetralogy of Fallot and ventricular septal defect 7 .
The association of ICA agenesis with Golden- har syndrome is even rarer and so far acknowledged to involve the ICA ipsilaterally to the hemifacial microsomia. Conversely, only one case of oculo-auriculo-vertebral syndrome with agenesis of the contralateral ICA has emerged in the medical literature 8 .
Lie defined agenesis as the complete failure of an organ to develop, aplasia as lack of development, and hypoplasia as incomplete development 5 . These anomalies are thought to represent a sequela from an insult to the developing embryo even though the exact causes remain unsettled 4 .
Therefore insight into the embryological development of the ICA certainly leads to a better understanding of this congenital abnormality. According to Padget, the ICA originates from the dorsal aorta and the third aortic arch at approximately the 4-5 mm embryonic stage and fully develops by six weeks 4 . The skull base begins to take shape between the fifth and sixth weeks of foetal life two weeks after ICA forma-tion. Consequently, failure of the ICAs to develop results in absence of the carotid canals 9 .
As previously discussed, branchial arch developmental anomalies including Goldenhar syndrome are related to the abnormal development of mesodermal and neuroectodermal elements arising from the I and II branchial arches. These structures also represent a guide for the development of the aortic embryonic vessels. Therefore, we can assume a close link exists between congenital vascular anomalies and malformations typically encountered in Goldenhar syndrome or involving the entire skull 3 .
In conclusion, although nowadays branchial arch disorders including Goldenhar syndrome appear to result from a vascular insult occurring in early gestational age, the association of contralateral abnormalities represents an exceptional occurrence and may suggest that underlying genetic anomalies may play a more prominent role than previously hypothesized.
